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SUPERSONIC CONTROL EFTTCTIVENESS FOR FJLL AND

PARTIAL CPAN TLEVON CONFIGURATIONS ON A 0,0165

SCALZ iODRIL SPACE SHUPTLE ORBITER TESTED IN
THE LARC UNITARY PIAW UIND TUNNEL (LALQ)

ABSTRACT

An experimental investigation has been nondncted in the NASA-
Langley Research Center Unitary Plan Wind@ Tunnel (Leg ?) on an early
version of the space shuttle orbiter (desipnated 099B-139) 0.01F5 scale
model to systematirally determine both longitudinal and lateral control
effectiveness associated with various combinations of inboard, onthoard,
and full span wing trailing edge controls, This report presents results
from supersonic investirations condvcted from April 24 through 26, 197k,
The test Mach numbers were 2,5 and 4.A3 over ar ~ngle of attack range

from -4° to 40° ~t 0° sideslip.
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SYMBOL CUAMONIC
a
Cp cP
M MACH
P
q Q(nsv)
Q(PsF)
RN/L RN/L
v
a ALPHA
B BETA
v PSI
¢ - PHI
P
Ap .
b EREF
C.§-
{m LREF
<
S SREF
MRP
XMRP
YMRP
ZMRP
SUBSCRIPTS
b
1
t
©

NOMENCLATURE
Genersl

DEFINITION

speed of sound; m/sec, ft/;ec
pressure coefficient; (p) - pa)/q
Mach number; V/a

prescure; N/ma, pst

dynamic pressure; 1/2pV°, N/m?, psf

unit Reynolds number; per m, per ft
velocity; m/sec, ft/sec '
sngle of attack, degrees

sngle of sideslip, degrees

angle of ysw, degrees

sngle of roll, degrees
mess denéity; ke/m3, slugs/rt3

Reference & C.G. Definitions

base ores; m?, rt2
wing span or reference spsn; m, ft
center of gravity

reference length or wing mean
aserodynasmic chord; m, ft

ving orea or reference ares; me, re2
mor % reference point

moment reference point on X axis
moment reference point on Y axis

monent reference point on 7 exis

base

local

ctatic conditions
totnal conditions
free streun
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CAB

CAF

CIM

CBL

CL
cD
CDB

CDF

CIM

CLN

CSL

1/DF

NOMENCLATURE (Continued)
Body-Axis System

DEFINITION

normal-force coefficient; n______ot'nalstorcel
q

axial-force coefficient; 2xial force
; g

side-force coefficient; 8ide _;N'CG
q

bese-force coefficient; Dase force
Q
~Ap(Pp - Paw)/aS

forebody axisl force coefficient, Cap - c,b

pitching-moment coefficient; pitching moment
‘lsizm'
yeving-moment coefficient; &lgr_"n Roment
q
rolling-moment coefficient; L‘&%}M
Ut

Stability-Axis System

11ft coefficient; isf!_
q

drag coefficient; d_q‘%ﬁ

. . base dre
base-drug coefficient; —qg._l

forebody drag coefficient; Cp - cDb

side-force coefficlent; Mﬁﬁ
q5

pitching-moment coefficient; Pitching moment
/ey

yasving-moment coefficient; E‘i’l&#"‘ﬂ’;
D

rolling-moment coefficient; ”°1n'}b noment
qu

11ft-to-drag ratio: Cp/Cp

Jift to forebody drag ratio; Cp/Cp,
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NOMENCLATURE (Continued)

DUFTLTTION

Slopr of drag cozfficient vs, eclevon deflection
curve; ch/ﬁse, per degree

Slope of 1ift coefficient vs, elevon Aaflection
curre; JCL/JSﬁ’ per derren

Slope of rolling moment confficlant 3. aileron
Yeflrction curve, r’.(-l/f’.}‘.,, per Jdeprae

Slope 0° nit-hing moment coefficient 3 elevon
“eflaction cvrve, ﬂrm/ﬁan, per dnc~rens

Slope of side force roeffi~ient vz, aileron
deflection curve, dCY/Jan. per deirree

Zlope of vawing moment coefficient vo, alleron
ceflection curve, an/dﬁq} per Aenree

Afleron defloction angl»; alevon deflection
for roll control, (SQL “6°R y/2, ponitive

1eflection 1.7t ponel t£r1ling cdre Jown,

Taratar deflection ancle; clevon deflection
fo= pitch -ontrol (Bep + 8cn)/?, positive
deflection t+1iline edee lown

Ln™ outhonrd elevon prrel Meflection, deprens
Lot inhoard lovon penel “Jeflection, degrees
Rirht {1bon~1 elevon p-iael deflention, degrees
Rizht outboarl elevor pinel “eflection, devreen

Slope »f pitching moment coefliclent versuc
{r*roar? eleron deflection enmee, per ‘epren

o Bhhodtis o e b e H SRR e s
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NOMENCLATURE (Concluded)

SYMEOL MWEMORIC DEFINTTION
né neLoDn 5lope of pitching moment coefficient versus
€ suthoard elevon deflection curve, per degree,

DCMI/™ Ratio of the slopes o® the inboard elevon
pitching moment curve over the full span elevon
pitching moment curve,

TCHO,F Ratio of the slopes of the outhonrd elevon
pltching moment curve over the ful. -pan elevon
pltching momeut curve.

§sp SPDBRK speed brake deflection angle, degrees
SpF BDFLAP body flap deflection angle, degrees
8



INTRODUCTION

As ~ continulne effort to !{dentify the most suitable space shuttle
conecept, a ‘oint stu’: betwemen Lanpgler Research 7entevr, Johnso:. Spare
Center, and Nockwell Tnternational has beer undertiken to deterine 1f
the indepenilent operation of the four eleron surfrcnr of £thae orhiter
coii? result i o more afficlent naae of available ~ontrol power, reduced
eleron Mi-pe moments, and ~roocinte? neroelnstic wing Lending, or nllow
1 more flexi'1l: 11 -ht profile without adverse control characterist®cs,

Therafore, an axperimental investigation 2% sobsonter and supersonic
cpeads was Initi{-tecd at Lanpgley to sintematically determine hoth
Jongitudinal ~nd lateral control elfrnetivenessg asaoeinted witlh rrious
combinations o€ 1uboard, outtoard, anl full spar wine tralling edgee
controls for n shuittle orbiter confirurstion, 7 ~ to the unavailahilit-
of 2 current vsehielr modnl, the model emploved in this study wns an
0.0165 ceale oarlie~ varsion of the nrbiter desipnrted by Rockwell
Intarnational s ronfiguration NO89B-130, The M P sronnep hetuonn this
~on®ipur-tion 21’ tha current Jdesien (rehicle ®) ware not "elt 45 1o
suffi~fent o ~1%ar Lhe Incvamental effectiveners preconted bavadn,

This report precents the {1itial suprrronis renlés 7 %~ine’ In the
averall studyv, Miliziaye the Longler Unitary Plan Wind Tunnel, the
rach nurhers Af *he fnvanti, atior werr 7,5 and 4,R2,  Angle of attrek

1,0

2 o)
war veried from ~hot 2hT kg ng muck ns U227 at 07 of stdrslip.

Tronconte »wults are presentad in the reference.
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CONFIGURATIONS INVESTIGATED

The configuration tested was a 0.0165 scale model of a blend of
Rcckwell International Shuttle configurations consisting of a 089B
configuration with a 139B configuration nose forward of fuselage station
500. A sketch and photographs of the model are shown in figures 2 and
3, respectively. Body base flap was fixed at 0° deflection.

Elevon controls were split at 0.60 b/2 giving the inboard and out-
board segments approximately 53 percent and 47 percent of the total
elevon area, respectively. The surfaces could be deflected in unison
or as individual panels. Maximum range of deflection for each panel
was from 0° to -4L0O°. Combinations tested included: for pitch control,
inboards only, outboards only and full span; for roll control, outboards,
only with full span and inboard deflected for pitch control.

To expedite testing, the elevons were remotely controlled by four
internal electric motors (see fig. 2c).

A complete description of model dimensional data is given in

table III.

10
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TEST CONDITIONS

The model was sting supported, with aerodynomic forces and momente
messured by an internally mounted six-component strain gapge balance.
Model angle of attack was varied from about -ho to as much as 42° nt
an angle of sideslip of Oo. Reynolds nmmber was constant at a nominal
2.0 x 106 per “oot. Anele of attack has been corrected for deflection
of the sting and Trlance under load.

Transition strips 0.1/ cm wide composed of No. FO sand grit were
located 1.0 inch aft of the apex of the fuselage and 0.5 inch (measured
streamwise) aft of the wing and fillet and vertical tail lending edres,

Drag data presented herein represent rrosc dra; in that neasuread

¢rag is uncorrected for hase pressure ~Tlects.

11
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TEST FACILITY DmSCRIPTION

The NASA TARC 4 foot Unitary Plan Wind Tunrel (UPWT) 185 o closed-
circuit cortinuovs flow, variable density farility, The test section
is 4 feet by 4 Teet by 7 feet long.

Two tunnel leps nre availshle for supersonic testing in the Mach
number ranges 1.47 o 2.86 (Leg No. 1) and 2,29 to 4.63 (Leg No. 2).
Lez No. 7 was used for this test, An nsymmetric, sliding block nozzle
position and total pressure setting provide the test Mach numbers at 2
specified Reyuolds number. Reynolds number can be varied from 0.76 to
7.78 million per foot, Available stagnation pressure variation is 4.0
to 142 psia. Dynamic pressure variation is 95 to 12A0 psf with normnl
operating stapnation temperature about 150°F in Mach modes 2 or 3 and
about 175°F in Mach mode 4. The tunnel is equipped with a drv air
supply, 2n evacuating system, and a cooling system. The facility power
1s approximitely 83,000 horsepover,

Model mounting provisions consist of various sting arrangements,
including axinl (loneitudinal), lateral (independent pitch and yaw),
and roll movement with side wall support., A Schlieren system and oil
flow risuallzation equipment are available. Datn are recorded at the
tunnel and reinesd 2f7-line at the Langley Computer Center. The tunnel
is nused for “orce ~n moment, pressure, and Jdynamic atahility testrs,
Hot and cold et effects and heat transfer have been studied in the

UPAT .

12
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DATA REDUCTION

Data was recorded ~t the facility and reducer’ off-line at the LaRC
Computation Crrter, Iongitudinal datn are referred to the stability-
axis svstem nnd laternl-directionnl data are referred to the hodv-axis
system, All coefficients are normalized with respect to the projected

wing area (excluding the fillet), mean aerodynamic chord or span, which

T2
SFEF = wing projected area = 0,732 ft.2
ILREF = wing mean aerodynamic chord = 7,83k in,
BREF = wing span = 15.45 in.

All data are presented along o set of body and stablility axes (Figure 1)
passing through the cotimated forward center of gravity locnted at a
full scale fuselage station of 107A.UR in, or 657 of the actunl hody
length,

Elevon and aileron derivative dnta were computer-generated by the
Chrysler DATAMAN-GADSAC Proprom and represent the locnl slope of the

coefficlent vs3. control deflection nt ench v-1lne of angle of r~ttack.

13
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REFERENCE

DMS-DR-2184, "TRANSONIC CONTROL EFFECTIVENESS FOR FULL AND PARTIAL SPAN
ELEVON CONFIGURATIONS ON A 0.0165 SCALE MODEL SPACE SHUTTLE ORBITER TESTED

IN THE LaRC 8-FOOT TRANSONIC PRESSURE TUNNEL (LALS)."
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TABLE I

1

TEST ¢ LARC UPYT 1101 (LMJ-Q)___J l_D_'f«TE $1-21-77 :
TEST CONDITICONS :

¢
a

ACH NUNBER REYNG . DS NUMBER DYNAMIC PRESSURE  JSTAGNATION TEMPERATURE
(per foot) 'pounds 'sq. inch) (degrees Fanrenhert)

2,5 2.0 x 10° 3.02

4,63 2.0 x 100 1.63

BALANCE UTILIZED: _UT2T-50

, , COEFFICIENT
CAPACITY: ACCURACY: TOLERANCE.
NF 600 1b, 3,0 11,
s 300_1b, T1,51b, - '
AF 50_1b, 1 0,25 1b,
. 800 1n-1b, MR
- +
" 400 in-1b, * 0.0 n-1n
yv  _f00 in-1b, $3,04p-1p
[OMMENTS:
b 15

st pmtvt < -
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TADLE IIT
MODEL DIMENSIONAL DATA

MODEL COMPONENT :_BOVY - B20

GEMERAL DESCRIPTION : 0f91-120p8 (MODIFIED NOSE), Ti0C™ SROTTION FmOM

PULL-GCALR CTATICL 237, 0 TO STATION S00 FROM NAR IRAWING VT,70 -00013072,

—

REMAINING BODY AFT OF STATION 500 TROM NAR VL70-000093.

MODEL SCALE 0.01F5

DRAWING NUMBER © _VL70-000093, VL70-000139B

DIMENSIONS : FULL SCALE  MODEL SCALE
Length 1290,  To.  ALSO0 I
Mzx Width AT b, 370 TN,
»:x Depth eh8.0 5,09 1m,
Fiveness Ratio b, 009 W86 M,
A-eg : 57,1000 21, PT. 1'?.-‘%9_:1'7 AL TT.

e ey e e

ZpEr- g o

H

Max. Cross-Sectional

Plonform

Wetted

Bose

17
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TABLE ITT (Continued)
MODEL DIMENSIONAL DATA

MODEL COMPONENT : BODY FLAP-F),

GEMERAL DESCRIPTION . _0%9B-129

MODRL, SCALE: 0.0145

DRAWING NUMBER : __7L70-00000kA

DIMENSIONS : FULL SCALE MODEL SCALE
Length ok, 700 1.39R
Mzx Width 249,000 o372
Mcx Depth 71,000 .
Fineness Rotio
Areg

Max. Cross-Sectional

Planform 142, Ao 5,5921

Wetted

Bose SUNEUISe 1,5151
18
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TAPTT IIT (Contirmnd)
*ODEL DIMENSIONAL DATA

MGDEL COMPONENT . ot rope - it
GENERAL DESCRIPTION _030B-139
MOOWL CALT:  0.0145
DRAWING NUMBER : _V1.72-00009h
DIMENSIONS : FULL SCALE MODEL SCALE
Length _2¥F.000 5.709
Mzx Width 108,000 1,782
vzx Depth 113,00 1,078
Tinenaess Ratio
Aceg
Max. Cross-Sectional
Planform —
Wettad
Base

CElT PO CUMTERT,TI

AR R Orv-{t oy );"‘2'?00 'T'.Kr“.
ERRRRC It £9.000 1,320
19
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TABLE TIT (Contined)
#ODEL DIMENSIONAL DATA

¥

COMPONENT

CLOTTOD TLVOT (©-iren GAP) - B

»AL DESCRIPTIL!.

Confimrrating 1h0A/T Orhiter clevon,

»

- "
ort: W3 is a slotie? versfon of 27,

N tn ~nre Tor one nide,

COLCL UOALTr 0,010 MODTT, DEAWITG: ' 1-A0010°
DOAWING NUMBER
DIMENSIONS FULL SCALE MODEL SCALE
Area - Ft° 710.0 0.0572
Spon (equivalent) - Tq, 3h2,0 3l TAD
An ).
Inb'd equivalent chord = It. 117,00 1,047
' . I h d +oh: ',"-‘0192 r\.f"’lﬂ‘(‘«
Qs edygiep chord/ vored
Ratio movable surface chard/
total surface chord
At Inb’d equiv. chord 0.700% 042305
400" Lol
At Outb'd equiv. chord 0 .10
Sweep Back Angles, degrees
Leading Edge .00 0.00
Trailing Edye =10,057 -10.05”
Hingeline .00 C.nn
-~ n AR A
Area Moment (Normal 1o hinge line) 5L, 0071
Mean Aerodynmmic Chord (), ia. A L4077

20
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TABLE IIT (Contirued)
MODEL DIMENSIONAL DATA

MODEL COMPONENT _I'™3 - RS

GENERAL DESCRIPTIGN (QUFIGRATIOW Fim LIIH” T -00N00"

VOUTL ALY GLRLFT

DRAWING NUMBER  /172-0000)%

DIMENSIONS

Area
Span (equivalent)
Inb'd equivaient chord

Outb'd equivalent chord

Ratio movable sutfoce chord/
total surface chord

At Inb'd equiv. chord

At Outb'd equiv. chord
Sweep Back Angles, degrees

Leading Edge

Troiling Edqe

Hingeline

Area Moment (Normal 10 hinge line)

21

FULL SCALE
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TATTE ITT (fontiried)
MODEL DIMENSIONAL DATA

MODEL COMPONENT VURTICAL TAIL - Vs

GENERAL DESCRIPTION CUWTSRTING VERTICAL TAIL DOUBLE WRDGE ATIRFMOTL

VITH ROTTILED TRADING EDG™.

MODVL ©TALT: NLCYAS

DRAWING NUMBER  [1.70-020090

DIMENSIONS FULL SCALE MODEL SCALE
Area 413,2500 oG FT. 1€.2011 <Q, I,
Span (equivalent) 315.72 5.21 I,
Inb’d equivalent chord GRS b3 I,
Outb'd equivalent chord 1% b7 T, 1,79 IN.

Ratio movable surface chord/ '
total surface chord

At Inb'd equiv. chord

At Outb'd equiv. chord

Sweep Back Angles, degrees

M ’ "o 0
Leading Edge h5.00 meg,  26.00 DEG.
e G of or
Trmlmg Edge L ‘j /Al X DEG. %
Hingeline

Area Moment (Normal 10 hinge line)
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MODEL COMPONENT: .G - = 7
GENERAL DESCRIPTION: ' "I ' LG A7t = 1 e g -
DTLTY A TS A mrToUTHD A Mmoo Ty v
ST T T T D T T T M T T AG e T Y,
T T - .01
DRAWING NUMBER: VLT SNO0NN
DIMENSIONS: FULL-SCALE MODEL SCALE
TOTAL DATA
Area
Planform PEUCLONCC L e, 1ae Ln 0 e T
Wetted -
Snan (equivalent) LT I, YT
Asgect Ratio L T
Rate of Taper T, LT
Taper Ratio O T
Dihedral Angle, degrees TP ) G T
Incidence Angle, degrees RN N o
Aercdynamic Twist, degrees LT, Mg

Toe-In Angle
fant Angle
Sweep Back Angles, degrees
Leading Edge
Trailing Edge
0.25 Element Line
Chords:
Root (Wing Sta. 0.0)
Tip, (equivalent)
MAC

Fus. Sta. of .25 MAC
W.P. of .25 MAC
B.L. of .25 MAC
Airfoil Sectiov
Roct
Tip
EXPOSED DATA

Area
Span, (equivalent)
Aspect Ratio
Taper Ratio
Chords
Root
Tip
MAC
Fus. Sta. of .25 MAC
W.P. of .25 MAC
B.L. of .25 MAC

L I e e
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View of Elevon Drive Motors

Figure 3. - Concluded
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APPENDIX
TABULATED SOURCE DATA

Plotted data tabulation are available from the Chrysler DATAMAN sys tem
on request.
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